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Analytical Processes for Actual Chemical Concentrations in Exposure Tanks. The actual 21 

concentrations for 17α-EE2 and 17β-E2 exposure groups were determined by using SPE 22 

concentration combined with UPLC-ESI-MS/MS. In brief, the water samples (1 L for vehicle 23 

control groups, 0.5 ng/L, 1 ng/L and 2 ng/L EE2 exposure groups and 500 mL for 4 ng/L, 8 24 

ng/L, 16 ng/L and 32 ng/L EE2 exposure groups; 1 L for vehicle control groups and 5 ng/L 25 

17β-E2 exposure groups and 500 mL for 10 ng/L, 20 ng/L and 40 ng/L 17β-E2 exposure 26 

groups) were collected from each exposure tanks and then were spiked with 10 ng of 27 

17α-EE2-d4 or 10 ng of 17β-E2-d3, respectively, (Wako Pure Chemical Co.) as internal 28 

standard and were extracted through HLB cartridges (6 mL, 500 mg, Waters) at a flow rate of 29 

5-10 mL/min. The cartridge was preconditioned with 6 mL of ethyl acetate (Fisher Chemical 30 

Co.), 6 mL of acetonitrile (Fisher Chemical Co.) and 12 mL of distilled water. Then the 31 

cartridges were rinsed with 10 mL of distilled water and dried under a flow of nitrogen. 32 

Target analytes were subsequently eluted with 15 mL of ethyl acetate. The eluates were 33 

evaporated to dryness under a gentle stream of nitrogen and reconstituted with 0.5 mL of 34 

methanol (Fisher Chemical Co.) for UPLC-ESI-MS/MS analysis. The recoveries of 35 

17α-EE2-d4 and 17β-E2-d3 were 86±13% and 82±6%, respectively. The method detection 36 

limits (MDL) of 17α-EE2 and 17β-E2 for 1 L water samples were both at 0.1 ng/L. 37 

For analyzing actual 4-NP concentrations, 100 μL water samples were collected from 38 

each exposure tanks and then were spiked with 100 μL of 10 μg/L 4-n-NP (Wako Pure 39 

Chemical Co.) in methanol as internal standard for UPLC-ESI-MS/MS analysis, and the 40 

MDL of 4-NP for water samples was 1.0 μg/L. 41 

The LC apparatus was an Acquity Ultra Performance LC (Waters). For EE2 and 17β-E2, 42 

Acquity UPLC® BEH C8 column (100 × 2.1 mm, 1.7 μm particle size) (Waters) was used 43 

for separation. The column was maintained at 40°C at a flow rate of 0.3 mL/min and the 44 

injection volume was 5 μL. Methanol and ultrapure water were used as mobile phases. 45 
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Methanol was initially increased linearly from 10% to 50% in 0.5 min, to 80% in the next 5.5 46 

min, to 100% in the following 1.0 min, and kept for 1.0 min. The column was then 47 

equilibrated for 3.0 min. For 4-NP, a Waters Acquity UPLC® BEH C18 column (100×2.1 48 

mm, 1.7 μm particle size) coupled with a Waters Acquity UPLC® BEH C18 column (50×2.1 49 

mm, 1.7 μm particle size) was used for separation. The guard column was used for decreasing 50 

contamination from UPLC system. The column was maintained at 40°C at a flow rate of 0.15 51 

ml/min and the injection volume was 5μL. Methanol and water were used as mobile phases. 52 

Methanol was initially increased linearly from 20% to 50% in 0.5 min, to 90% in the next 3.0 53 

min, to 100% in the following 1.5 min, and kept for 1.0 min. The column was then 54 

equilibrated for 3.0 min. 55 

Mass spectrometry was performed using a Quattro PremierTM XE detector (Waters) 56 

which was operated with ESI in the negative ion (NI) mode. The detection conditions of the 57 

mass spectrometer were as follows: capillary voltage, 3.0 kV; source temperature, 110°C; 58 

desolvation temperature, 400°C; desolvation gas flow, 800 L/h; and cone gas flow, 50 L/h. 59 

Finally, the data acquisition was performed under time-segmented conditions based on the 60 

chromatographic separation of the target compounds to maximize sensitivity of detection.61 
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Table S1. Parameters for Analyzing EE2, 17β-E2 and 4-NP by UPLC-ESI-MS/MS 62 

Compound MRM transition Cone voltage (V) Collision energy (eV) 
17α-ethynylestradiol 
(EE2) 

279>133 
279>159 30 21 

21 
17α-ethynylestradiol-d4 
(EE2-d4) 

283>135 30 21 

17β-estradiol (17β-E2) 
255 > 159 
255 > 133 33 20 

20 
17β-estradiol-d3 
(17β-E2-d3) 

258 > 159 33 20 

4-nonylphenol (4-NP) 219.2>132.9 
219.2>147.6 

40 
40 

24 
16 

4-n-NP 219.2>105.8 40 24 
 63 

64 
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TA G T TAT TA C TA G C G C TA C C G G A C TC A G ATC TC G A G C TC A A G C TTC G A ATTC TG C A G TC G A C G65 
G TA CC TTC A A C TTG TG T G GG G TA GATG TA G C TTA AC A A GC TTC A G TTT TG A A GG TG G TA C AC T66 
G G A A ATA A A C A C T TTA C C TC TG ATA C A C C C C C G C T TTC TC C A C TG A C C T T G C TG TG AT TG G C C67 
AA AC GC TC CC C TTTGAT G TG C ACATC CATC TTTG CA AA A G TTCCATTTTA A ATC TTTTTG C G CG68 
AC A A ATG GG ATG GATC G TTG C A AC A C TG AC TC TATG TTA A ATG GG TG C C C CC C CC C CC C CC CC69 
CC CC AC A AG G AATG A A GG CC TG TG C TTC G GA G ATTTG AG G C TAG G TA AATG AG C TGC A A AA A70 
AACCCATTG TG TGC CAA AGG TTG TATGG TTTAC TCTGAAATGC TTAG GAATGG TATAG GCCC TT71 
C A ATC TTA C C TG A AT T TA A G A C TT TA G TA C ATG A G TAT TA A ATC A G AT TAT TC C A A A G TA A ATG72 
CATG TATA G A A GC C AAT TTA G A C TTG T TTTG C A C A AC TT TG ATTA C C TTA A GC TTC C G A ATTTG73 
TTC A G G G G G G C TG C A C TTG A C TC TC TA A G C TTG TATT T TTG G TTG A A C C A A ATA A C C AT TG A A74 
GC TAAATGC TTTAAC TG CACA GC TC TCATGCAATAG TC TTGATTTTGC TG TTA AA GG TG CCA GT75 
T T TG ATAT C T G AT TC A G G T G TC A C T G A A A G TG A A G TG G A A C A C A C C T G G G G TC A C C TC TG C A76 
A GG G G A C TTTA A G C C A A CC A A A AG G TTA A C C G TTC A A C TATTG A G A C CATG A C TTT TT TT TTT77 
TT TA C A G T TA A A A ATG G A A A A ATG T TA G TG A A G ATG TA G C TG G A C C ATC T G C C ATC TC ATG G T78 
TG GATATTA C TCCCATG AACC ACC TG ACG C TTCA GGAC AAATG TGG AAA C TTG GATG TTATTTT79 
AAATCAATTTTTAA AATGTTATC TGCC ATTGA G TTG CATTAATTTTA AATG TG GAA GATC TCATC80 
T TTC A A AT T TG TG TA A G T TT TA C A C ATA C C A A A G A A A A C G C C A A A C ATT T T TTA A ATG ATG G A81 
C C A A ATG A G A A C TA G ATG TTTC TA A C C TG TC G TATTA A A ATTC C CA C CC ATC C TTC C ATG TC TT82 
CAG AA C TC AC TGAATCC C TTTTTGG G TC ACG GG G TTGC TGG AG CC AATC CA GC TA C TG TTG TG83 
CA A A G G TG GG ATA CA C CC TG A A C AC TTC A C C A GC C TG TTG C A A G GC C A CA C ATTC AC A G CC A84 
CACC TA GCA GAAATTGA GAGATA CCAATTAACC C ATG AGC C TTTG TTTTTG AACCA AG AAA GG85 
A A A C C A G A G TG T G A A A A C C C A C G C ATG C TC G A G G A A ATC A C G C A A A C C A C A C A A A G G ATC C86 
AG CC A GA ATTC AA A CC AG G GC C TTC TC AC TG TG AA G CA A GATC GC TA AC AA G TA CA GC A CC G87 
TAC AC CATC TTCC TA AG GAATTTTC TC C TCATTA AAATG TG GC GG A AATA AATGC CATTA AA G T88 
TTG TAA AGA AAATG TTTTTTTTA CAA AA GGCC TTACAA AATCATG TGC TG TACAC ACCATTC TT89 
C A G TTC A A A C A A ATATA ATG A A A G TA ATG A C ATTA A G A ATTG TT TC TG TC T TTA G G T TG T TAT T90 
TC A A C TT TA ATA C A G A ATTAT TG C T G TC A ATA C TATT T TG A C TG A A A ATATATG TG TA A G A A C A91 
A A A A G C A C ATG A C A C C A A G ATG TG A A A A ATTA A A G TA A A A A A ATG T TT TT G A C ATG A G ATG T92 
TG CAA CAA GAC TC TGA AG TATA GATTTTTC TG G GG TTTTG TTAAA G TAA A CG TTTAA AATTTTA93 
GAAATGA GA AAATATTTTTGATCC AA AA CACATC ATTTAATTC TG TA AA CATTGGC TTAA CCA G94 
G C AT TC A A A A C A A A A C ATATT TG TC TA A G A A C T TC TG TTC ATG TG A A C T T G G TG A C A G G TT TA95 
AG ATGG GATTG G TC AATGA A AC A GA ATGG ATGA C TATTC TTG TTA A G CA G CA GC TG C TTC CAC96 
TTA A C A ATT TTC TC C A ATC A G C TTTG C G G ATC A G ATATA A G C A G C A G G ATG A A G G C ATTG G A A97 
C AT G TC A C T G A G T T TA G TC T T G G G C ATC A G TC A ATA G C A A C C A G C A G A C C C G G G AT C C A C C G98 
G TC GC CA CCATGG TG A GC AA GG GC GA GG AG C TG TTC AC CG GG G TGG TG CCCATCC TG G TC GA99 
G C TG G A C G G C G A C G TA A A C G G C C A C A A G TTC A G C G TG TC C G G C G A G G G C G A G G G C G ATG C C100 
A C C TA C G G C A A G C TG AC C C TG A A G TTC ATC TG C A C C A C C G G CA A G C TG CC C G TG C C C TG G C C101 
C A C C C TC G TG A C C A C C C TG A C C TA C G G C G T G C A G TG C T TC A G C C G C TA C C C C G A C C A C ATG A102 
A G C A G C A C G A C TTC T T C A A G TC C G C C ATG C C C G A A G G C TA C G TC C A G G A G C G C A C C ATC T TC103 
TTC A A G G A C G A C G G C A A C TA C A A G A C C C G C G CC G A G G TG A A G TTC G A G G G C G A C A C C C TG G104 
TG A A C C G C ATC G A G C T G A A G G G C ATC G A C T TC A A G G A G G A C G G C A A C ATC C TG G G G C A C A A105 
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GC TG G A G TA C A AC TA C A AC A G CC A C AA C G TC TATATC ATG G CC G A C AA G CA G A A G AA C G GCA106 
TC AA GG TG AA C TTCA A GATCC GCCA CA ACATC G AGG ACG GCA GC G TGC A GC TCG CCG ACC AC107 
TA CC A GC A G AA C AC C C CC ATCG G CG A C GG C CC CG TG C TG C TG CC C GA C AA C CA C TA CC TG A G108 
CAC CCA G TC CGC CC TG AGC AA AG ACC CC AAC G AGA AG CG CGATCAC ATGG TC C TG C TG GA G T109 
T C G T G A C C G C C G C C G G G A T C A C T C T C G G C A T G G A C G A G C T G T A C A A G T A A 110 

 111 
Figure S1: Part of DNA sequences of pMOSP1-EGFP construct. “-” indicates the DNA 112 

sequence (2067 bp) of the proximal promoter region of OSP1 gene in medaka fish (orange 113 

red strain, Oryzias latipes); “∼” indicates the DNA sequence of EGFP. 114 


